With a sample of about 384 million BB pairs recorded with the BABAR detector, we search for the flavorchanging charged current transition B ± → τ ± ν and perform an amplitude analysis of the effective flavorchanging neutral current transition B ± → ϕ(1020)K * (892) ± . We also extend our search for other K * final states in the decay B 0 → ϕ(1020)K * 0 with a large K * 0 → K + π − invariant mass. Two samples of events with one reconstructed hadronic B decay or one reconstructed semileptonic B decay are selected, and in the recoil a search for B ± → τ ± ν is performed. We find a 2.6 σ (3.2 σ not including expected background uncertainty) excess in data which can be converted to a preliminary branching fraction central value of B(B ± → τ ± ν) = (1.20 +0.40+0.29 −0.38−0.30 ± 0.22) × 10 −4 . With the decay B ± → ϕ(1020)K * (892) ± , twelve parameters are measured, where our measurements of f L = 0.49 ± 0.05 ± 0.03, f ⊥ = 0.21 ± 0.05 ± 0.02, and the strong phases point to the presence of a substantial helicity-plus amplitude from a presently unknown source.
Introduction
Until the new frontier energy is available at the LHC collider, the Standard Model is being investigated in detail via the rich flavor structure of the quarks and leptons. The study of rare processes, such as flavorchanging neutral and charged currents, already provides constraints on new physics and will allow us to disentangle the flavor structure of particles at the new energy scale once LHC energy is accessible. Until 2008, flavor physics of the third-generation particles, such as b-quark, offers best prospects for discoveries. For example, virtual "loop" transitions of the B meson involve the heaviest presently known particles in the FCNC loop and may reveal new particles through subtle effects. In this paper, we report the most recent ("hot") results on two rare processes B ± → τ ± ν and B ± → ϕ(1020)K * (892) ± with the BABAR detector. In the Standard Model (SM), the purely leptonic decay B ± → τ ± ν proceeds via quark annihilation into a W + boson, as shown in Fig. 1 . The branching fraction is given by:
where V ub is a quark mixing matrix element [1, 2] , f B is the B meson decay constant, G F is the Fermi constant, τ B + is the B + lifetime, and m B and m τ are the B + meson and τ masses. Physics beyond the SM, such as two-Higgs doublet models, could enhance or suppress B(B + → τ + ν τ ) through the introduction of a charged Higgs boson [3] [4] [5] 
where tan β is the ratio of vacuum expectation values of the two Higgs doublets. Using theoretical calculations of f B from lattice QCD and experimental measurements of |V ub | from semileptonic B decays, this purely leptonic B-decay can be used to constrain the parameters of theories beyond the SM. Or, assuming that SM processes dominate and using the value of |V ub | determined from semileptonic B-decays, purely leptonic decays provide a clean experimental method of measuring f B precisely. The branching fractions for B + → µ + ν and B + → e + ν are suppressed by factors of ∼ 5 × 10 −3 and ∼ 10 −7 with respect to B + → τ + ν τ . The SM estimate of the branching fraction for B + → τ + ν τ , using |V ub | = (4.31 ± 0.30) × 10 −3 [6] and f B = 0.216 ± 0.022 GeV [7] in Eq. 1 is (1.6 ± 0.4) × 10 −4 . However, a search for B + → τ + ν τ is experimentally challenging due to the large missing momentum from multiple neutrinos, which makes the signature less distinctive than in the other leptonic modes. In a previously published analysis using a sample of 223 × 10 6 Υ (4S) decays, the BABAR collaboration set an upper limit of B(B + → τ + ν τ ) < 1.8 × 10 −4 at the 90% confidence level (CL) [8] . The Belle Collaboration has reported evidence from a search for this decay where the branching fraction was measured to be B(B + → τ + ν τ ) = (1.79
+0.56
−0.49 (stat.)
+0.46
−0.51 (syst))× 10 −4 [9] . A vector-vector B-meson decay, such as B → ϕK * , is characterized by three complex helicity amplitudes A 1λ which correspond to helicity states λ = −1, 0, +1 of the vector mesons. The A 10 amplitude is expected to dominate [10] due to the (V − A) nature of the weak interactions and helicity conservation in the strong interactions, see Fig. 3 . A large fraction of transverse polarization observed by BABAR and confirmed by Belle, along with more recent measurements of polarization in rare vector-vector B meson decays B → φK * and ρK * , indicate a significant departure from the expected predominance of the longitudinal amplitude [11] [12] [13] [14] [15] . The rate, polarization, and CP measurements of B meson decays to particles with nonzero spin are sensitive to both strong and weak interaction dynamics and are discussed in a recent review [6, 16] .
The polarization anomaly in vector-vector B meson decays suggests other contributions to the decay amplitude, previously neglected. This has motivated a number of proposed contributions from physics beyond the standard model [17] . Depending on New Physics model, hierarchy of decay amplitudes could be modified, as shown in Fig. 4 . In addition, there are new mechanisms within the standard model which have been proposed to address the anomaly, such as annihilation penguin [18] or electroweak penguin, or QCD rescattering [19] , In order to distinguish the models, the BABAR experiment extended the study of the B 0 → φK * 0 decays with the tensor (J P = 2 + ), vector (J P = 1 − ), and scalar (J P = 0 + ) K * 0 [15] . The vector-tensor results are in agreement with quark spin-flip suppression [10] and A 0 amplitude dominance, whereas the vector-vector mode contains substantial A +1 ampli- tude, corresponding to anomalously large transverse polarization.
We now investigate the polarization puzzle with a full amplitude analysis of the B ± → ϕK * (892) ± decay. In this paper, we report twelve independent parameters for the three B + and three B − decay amplitudes, six of which are presented for the first time. Moreover, we use the dependence on the Kπ invariant mass of the interference between the J P = 1 − and 0 + (Kπ)
± components [15, 20, 21] to resolve the discrete ambiguity between the A 1+1 and A 1−1 helicity amplitudes. 
The BABAR Detector
We use a sample of 383.6±4.2 million Υ (4S) → BB events collected with the BABAR detector [22] at the PEP-II e + e − asymmetric-energy storage rings. The e + e − center-of-mass energy √ s is equal to 10.58 GeV. The sample corresponds to an integrated luminosity of 346 fb −1 at the Υ (4S) resonance (on-resonance) and 36.3 fb −1 taken at 40 MeV below the BB production threshold (off-resonance) which is used to study background from e + e − → ff (f = u, d, s, c, τ ) continuum events. The detector components used in this analysis are the tracking system composed of a five-layer silicon vertex detector and a 40-layer drift chamber (DCH), the Cherenkov detector for charged π-K discrimination, a CsI calorimeter (EMC) for photon and electron identification, and an 18-layer flux return (IFR) located outside of the 1.5 T solenoidal coil and instrumented with resistive plate chambers for muon and neutral hadron identification. For the most recent 133 fb −1 of data, a portion of the resistive plate chambers has been replaced with limited streamer tubes.
A GEANT4-based [23] Monte Carlo (MC) simulation is used to model signal efficiencies and physics backgrounds. The τ lepton decay is modeled using EvtGen [24] . Beam-related background and detector noise from data are overlaid on the simulated events. Simulation samples equivalent to approximately three times the accumulated data are used to model BB events, and samples equivalent to approximately 1.5 times the accumulated data are used to model continuum events. We determine selection efficiencies for signal events using a MC simulation where one B + meson decays to τ + ν, while the other is allowed to decay into any final state.
B
± → τ ± ν First we discuss the new preliminary analysis of the B ± → τ ± ν decay. Due to the presence of multiple neutrinos, the B + → τ + ν τ decay mode lacks the kinematic constraints that are usually exploited in B decay searches in order to reject both continuum and BB backgrounds. The strategy adopted for this analysis is to reconstruct exclusively the decay of one of the B mesons in the event, referred to as the "tag" B. The remaining particle(s) in the event (the "recoiling system") are assumed to come from the other B and are compared with the signature expected for B + → τ + ν τ , see Fig. 5 . There are two "tag" methods used in this analysis: full reconstruction of a hadronic B meson decay final state or partial reconstruction of a semileptonic decay. We will discuss in detail the new results with the former method and then briefly show updated results of the latter method with slightly improved precision compared to last year. Then we will combine the two results.
Analysis Method
In order to avoid experimenter bias, the signal region in data is blinded until the final yield extraction is performed. The B + → τ + ν τ signal is searched for in both leptonic and hadronic τ decay modes constituting approximately 71% of the total τ decay width:
We do not consider the τ + → π + π − π + ν mode since we found it to be dominated by background events.
The tag B candidate is reconstructed in the set of hadronic B decay modes B − → D ( * )0 X − [25] , where X − denotes a system of charged and neutral hadrons with total charge −1, composed of
The selected sample of tag B candidates is used as normalization for the determination of the branching fraction. We reconstruct
The kinematic consistency of tag B candidates is checked with two variables, the beam energy-substituted mass m ES = s/4 − p 2 B and the energy difference ∆E = E B − √ s/2. Here √ s is the total energy in the Υ (4S) center-of-mass (CM) frame, and p B and E B denote, respectively, the momentum and energy of the tag B candidate in the CM frame. The resolution on ∆E is measured to be σ ∆E = 10 − 35 MeV, depending on the decay mode, and we require |∆E| < 3σ ∆E . For each reconstructed B decay mode, its purity P was estimated as the ratio of the number of peaking events with m ES > 5.27 GeV/c to the total number of events in the same range, and is evaluated on on-resonance data. In the event of multiple tag B candidates being reconstructed, the one with the best purity P is selected.
The background consists of e 
B
− decays, in which the tag B candidate is mistakenly reconstructed from particles coming from both B mesons in the event. To significantly reduce the e + e − →background we require the angle θ * T B , defined in the CM frame, between the thrust axis [26] of the tag B candidate and the thrust axis of all the charged and neutral reconstructed candidates in the event excluding the ones that form the B + , to satisfy the requirement | cos θ * T B | < 0.9. In order to determine the number of correctly reconstructed B + we classify the background events in four categories: e + e − → cc; e + e − → uu, dd, ss; B 2 ) is extrapolated from the fit and subtracted from the data. We estimate the total number of tagged B's in the data as N B = (5.92 ± 0.11 stat. ) × 10
5 . Fig. 6 shows the tag B candidate m ES distribution in data compared with MC, and the obtained background subtracted m ES distributions in data.
After the reconstruction of the tag B meson, a selection is applied on the recoiling system in order to enhance the sensitivity to B + → τ + ν τ decays. We require the presence of a well reconstructed charged track (signal track) with electric charge opposite to the tag B. The signal track is required to have at least 12 hits in the DCH, its momentum transverse to the beam axis, p T , is required to be greater than 0.1 GeV/c, and its point of closest approach to the interaction point must be less than 10.0 cm along the beam axis and less than 1.5 cm transverse to it.
The τ lepton is identified in the four decay modes: − events in which the tag B meson was correctly reconstructed and the recoil contains one track and additional particles which are not reconstructed by the tracking detectors and calorimeter. From MC simulation we observe that most of this background is from semileptonic B decays.
We define the discriminating variable E extra as the sum of the energies of the neutral clusters not associated with the tag B or with the signal π 0 of the τ + → π + π 0 ν mode. For neutral clusters contributing to E extra we need to determine mode-dependent minimum energy thresholds, shown in Table I , in order to ensure a good data-MC agreement at the preselection level, which is a looser selection using only particle identification criteria and a moderate cut on the candidate's momentum. Signal events tend to peak at low E extra values whereas background events, which contain additional sources of neutral clusters, are distributed toward higher E extra values. Other variables used to discriminate between signal and background are the CM momentum of the signal candidates, the multiplicity of extra charged track(s) and π 0 (s) in the recoil and the direction of the missing momentum four-vector in the CM frame. For the τ + → π + π 0 ν mode we exploit the presence of the π 0 in the final state and the dominance of the decay through the ρ resonance by means of the combined quantity s ρ :
where m ππ 0 is the reconstructed invariant mass of the π + π 0 candidate, m γγ is the the reconstructed invariant mass of the π 0 candidate, m P DG ρ and Γ
P DG ρ
are the nominal values [6] for the ρ mass and width, m
is the nominal π 0 mass and σ π 0 = 8 MeV is the experimental resolution on the π 0 mass determined from data.
We optimize the selection on the B + B − MC and signal MC for the best s/ √ s + b, where s is the expected signal and b is the expected background from B + B − events, in the hypothesis of a branching fraction of 1 × 10 −4 , for each mode separately. The optimization procedure is performed simultaneously on all the discriminating variables in order to take into account any correlations. For each discriminating variable α i we choose a discrete number N αi of possible selection criteria. We build N= N α1 × N α2 × ....N α k possible selections by combining all the possible cut values for different variables. We include E extra in the optimization, which defines the optimal signal window. We choose the selection corresponding to the best value of s/ √ s + b. The optimized selection criteria are reported in Table II . Eextra ( GeV) < 0.160 < 0.100 < 0.230 < 0.290
We compute the efficiency as the ratio of the number of signal MC events passing the selection criteria and the number of events that have a m ES peaking tag B candidate, in the signal region m ES > 5.27 GeV. We evaluate the efficiencies on a signal MC sample which is distinct from the sample used in the optimization procedure. A small cross-feed is present in some modes and it is taken into account in the computation of the total efficiency.
The total efficiency for each selection is:
where ε j i is the efficiency of the selection i for the τ decay mode j, n dec = 7 is the number of of τ decay modes and f j are the fractions of the τ decay mode as estimated from the signal MC sample with a reconstructed B. Table III shows the estimated efficiencies. The last row shows the total efficiency including small cross-feed from other τ decays (not shown explicitly) and weighted by the decay abundance at the tag selection level. The errors are statistical only. Note that mode dependent Eextra selection is applied as reported in Table II .
9.8 ± 0.3
In order to determine the expected number of background events in the data, we use the final selected data samples with E extra between 0 and 2.4 GeV.
We first perform an extended unbinned maximum likelihood fit to the m ES distribution in the final sample, in the E extra sideband region 0.4 GeV < E extra < 2.4 GeV. We use as probability density function(PDF) for the peaking component a Gaussian function joined to an exponential tail (Crystal Ball), and as a PDF for the non peaking component a phase space motivated threshold function [27] (Argus). From this fit, we determine a peaking yield N high,data pk and signal shape parameters, to be used in later fits. We apply the same procedure on B . We perform a similar fit to data in order to extract the amount of combinatorial background n comb , as the integral of the Argus shaped component in the m ES > 5.27 GeV domain.
We estimate the total background prediction in the signal region as:
Due to the low statistics of the final selected sample an alternative procedure for estimating the background, which avoids fitting the m ES distribution in the final samples, is also performed. We fit m ES in the preselection samples E extra sideband to determine the combinatorial background yield N high,data presel comb and in the low E extra region to determine the amount of combinatorial background in the preselection signal region n presel comb . The preselection samples are defined by a looser selection only requiring particle identification for the charged track and a lower bound on the CM momentum of 0.6 GeV/c for the pion candidate and of 1.0 GeV/c for the π + π 0 candidate. We then fit the m ES distribution in the final samples in the E extra sideband to determine the combinatorial background yield N high,data comb . We estimate the combinatorial background in the low E extra in the final selected sample n comb scaling n presel comb as
The same procedure is applied to MC to subtract the combinatorial background and determine the MC peaking yield as:
We use the mean value between the two methods to obtain the final estimate. We determine the error on the estimate by adding in quadrature the statistical error from the first method with the half of the difference between the two values to obtain the total error on the background prediction. The expected numbers of background events in the four reconstructed modes are shown in Table IV . Table IV The mean value of expected number of background events in the signal region, using method A and method B, respectively. The last column shows the average background prediction used in the likelihood scan to extract the signal branching fraction.
method A method B average τ + → e + νν 1.1 ± 0.9 1.9 ± 1.0 1.5 ± 1.4 τ + → µ + νν 1.9 ± 1.0 1.6 ± 0.8 1.8 ± 1.0 τ + → π + ν 6.5 ± 2.0 7.1 ± 1.9 6.8 ± 2.1 τ + → π + π 0 ν 4.1 ± 1.4 4.3 ± 1.3 4.2 ± 1.4 All modes 13.6 ± 2.8 14.9 ± 3.7 14.3 ± 3.0
Results
After finalizing the signal selection criteria, we measure the yield of events in each decay mode in the signal region of the on-resonance data. Table V lists the number of observed events in on-resonance data in the signal region, together with the expected number of background events in the signal region. Figs. 7  and 8 show the E extra distribution for data and expected background at the end of the selection. The signal MC, scaled to a branching fraction B(B + → τ + ν τ ) = 10 −3 is overlaid for comparison. The E extra distribution is also plotted separately for each τ decay mode.
We determine the B + → τ + ν τ branching fraction from the number of fitted signal candidates s in data according to:
The results from each of our four signal decay modes 
(n ch ) are combined using the estimator
, where L(s + b) and L(b) are the likelihood functions for signal plus background and backgroundonly hypotheses, respectively:
where s i = ε i s. We include the systematic uncertainties, including those of a statistical nature, on the expected background (b i ) in the likelihood definition by convolving it with a Gaussian function. The mean of the Gaussian is b i , and the standard deviation (σ bi ) of the Gaussian is the error on b i [28] .
We compute the central value of the branching fraction (including statistical uncertainty and uncertainty from the background) by scanning over signal branching fraction hypotheses between 0.0 and 3.0 × 10 −4 in steps of 0.025 × 10 −4 and computing the value of L(s + b)/L(b) for each hypothesis. The branching fraction is the hypothesis which minimizes
, and the statistical uncertainty is determined by finding the points on the likelihood scan that occur at one unit above the minimum. The systematic error is computed for the branching fraction as a fraction of the central value.
The main sources of uncertainty in the determination of the B + → τ + ν τ branching fraction come from the estimation of the tag yield and efficiency, the reconstruction efficiency of the signal modes and the number of expected background events. We estimate a systematic uncertainty due to the technique used to determine the tag B yield and reconstruction efficiency, varying the MC based criteria to define the B + B − non-peaking component of the m ES shape. Observing the effect due to the different choices on the branching fraction measurement, we assign a systematic uncertainty of 3%. The systematic uncertainty of the signal efficiencies depends on the τ decay mode and includes the effects of the tracking of charged particles, particle identification, and the π 0 reconstruction efficiency. The dominant efficiency uncertainty was found to be due to E extra selection requirement and is found to be 15%. The contributions due to the tracking and to the choice of the E extra selection are treated as correlated among the different channels.
The systematic uncertainty on the background prediction has been estimated using two different methods to extract the combinatorial background, and it has been found to be negligible with respect to the statistical uncertainty. This uncertainty has been incorporated in the likelihood definition used to extract the branching fraction.
We determine the branching fraction central value to be
We obtain a significance of 2.7 σ from Σ = Q min , where Q min is the minimum value of the likelihood ratio, if we do not include the uncertainties on the background predictions. If we include the background uncertainty into account we obtain the smaller significance of 2.2 σ. We compute the 90% C.L. upper limit using the CL s method [29] to be B(B + → τ + ν τ ) < 3.4 × 10 −4 .
Combined Results
We report here the branching fraction obtained by combining the hadronic tag analysis result, described in this document, with the BABAR semileptonic tag analysis result, based on a statistically independent data sample and reported in [30] . Both the analyses proceed in a similar manner for the four τ decay mode reconstruction and use the same likelihood ratio scan technique to combine the different τ decay modes. Fig. 9 shows the E extra distribution for all the τ modes combined in the analysis with semileptonic tag. The likelihood ratio is extended to combine eight reconstruction modes, four from the hadronic tag and four from the semileptonic tag. We obtain
where the first error is statistical, the second is due to the background prediction systematic uncertainty, and the third one is due to the other systematic sources. We obtain a significance of 2.6 σ including the uncertainty on the expected background (3.2 σ if this uncertainty is not included). 
Discussion
In summary, we report here preliminary branching fraction of the B ± → τ ± ν decay using two independent methods of tag B reconstruction: hadronic and semileptonic B decay in the recoil. We find a 2.6 σ (3.2 σ not including expected background uncertainty) excess in data which can be converted to a preliminary branching fraction central value of B(B ± → τ ± ν) = (1.20
+0.40+0.29
−0.38−0.30 ± 0.22) × 10 −4 . Given the measurement of the B ± → τ ± ν branching fraction, we may constraint CKM parameter V ub using Eq. (1). See Fig 11 for illustration. Alternatively, given the best world measurements of parameters present in Eq. (1), we can constraint tan β and charged Higgs mass in the model with two Higgs doublets, as shown in Fig 12. 
B
± → ϕ(1020)K * (892) ± One of our goals is to test the quark-spin projections in the B → ϕK * decay, as shown in Fig. 3 . However, equivalently we can measure spin projections of the two vector mesons in the B decay. There are three complex amplitudes for the three spin projections possible, and therefore there are a total of 12 non-trivial independent real parameters describing the B and B decays. Information about the amplitude sizes and phases can be deduced from analysis of angular distribution as illustrated in Fig. 13 . 
Analysis Method
± candidates are analyzed with two (Kπ) ± final states, K 0 S π ± and K ± π 0 . The neutral pseudoscalar mesons are reconstructed in the final states K 0 S → π + π − and π 0 → γγ. We define the helicity angle θ i as the angle between the direction of the
and the direction opposite the B in the K * or ϕ rest frame, and Φ as the angle between the decay planes of the two systems, see Fig. 13 . The differential decay width has four complex amplitudes A Jλ which describe two spin states of the Kπ system (J = 1 or 0) and the three helicity states of the J = 1 state (λ = 0 or ±1):
where H i = cos θ i and Y λ J are the spherical harmonics with J = 1 for K * (892) and J = 0 for (Kπ) * 0 . We reparameterize the amplitudes as
is the four-momentum of the B candidate, and (E Υ , p Υ ) is the e + e − initial state four-momentum, both in the laboratory frame. We require m ES > 5.25 GeV and |∆E| < 0.1 GeV. The requirements on the invariant masses are 0.75 < m Kπ < 1.05 GeV, 0.99 < m KK < 1.05 GeV, |m ππ − m K 0 | < 12 MeV, and 120 < m γγ < 150 MeV for the K * ± , ϕ, K 0 S , and π 0 , respectively. For the K 0 S candidates, we also require the cosine of the angle between the flight direction from the interaction point and momentum direction to be greater than 0.995 and the measured proper decay time greater than five times its uncertainty.
To reject the dominant e + e − → quark-antiquark background, we use the angle θ T between the Bcandidate thrust axis and that of the rest of the event, and a Fisher discriminant F [32] . Both variables are calculated in the center-of-mass frame. The discriminant combines the polar angles of the B-momentum vector and the B-candidate thrust axis with respect to the beam axis, and two moments of the energy flow around the B-candidate thrust axis [32] .
To reduce combinatorial background with lowmomentum π 0 candidates, we require H 1 < 0.6. When more than one candidate is reconstructed, which happens in 7% of events with K 0 S and 17% with π 0 , we select the one whose χ 2 of the charged-track vertex fit combined with χ 2 of the invariant mass consistency of the K 0 S or π 0 candidate, is the lowest. We define the b-quark flavor sign Q to be opposite to the charge of the B meson candidate. We use an unbinned, extended maximum-likelihood fit [11, 15] to extract the event yields n k j and the parameters of the probability density function (PDF) P k j . The index j represents three event categories used in our data model: the signal B ± → ϕ(Kπ) ± (j = 1), a possible background from B ± → f 0 (980)K * ± (j = 2), and combinatorial background (j = 3). The superscript k corresponds to the value of Q = ± and allows for a CP -violating difference between the B + and B − decay amplitudes (A and A). In the signal category, the yield and asymmetry of the B ± → ϕK * (892) ± mode, n sig and A CP , and those of the B ± → ϕ(Kπ) * ± 0 mode are parameterized by applying the fraction of ϕK
The likelihood L i for each candidate i is defined as
, where the PDF is formed based on the following set of observables x i = {H 1 , H 2 , Φ, m Kπ , m KK , ∆E, m ES , F , Q} and the dependence on µ k and polarization parameters ζ is relevant only for the signal PDF P k 1 . The remaining PDF parameters ξ are left free to vary in the fit for the combinatorial background and are fixed to the values extracted from Monte Carlo (MC) simulation [23] and calibration B → Dπ decays for event categories j = 1 and 2.
The helicity part of the signal PDF is the ideal angular distribution from Eq. (12), multiplied by an empirical acceptance function G(
Here, the amplitudes A Jλ are expressed in terms of the polarization parameters Table VI . CP -violating differences are incorporated via the replacements in Eq. (12) 
A relativistic spin-J Breit-Wigner amplitude parameterization is used for the resonance masses [6, 33] , and the (Kπ) * ± 0 m Kπ amplitude is parameterized with the LASS function [20] . The latter includes the K * 0 (1430)
± resonance together with a nonresonant component. The interference between the J = 0 and 1 (Kπ)
± contributions is modeled with the three terms 2Re(A 1λ A * 00 ) in Eq. (12) with the four-dimensional angular and m Kπ parameterization and with dependence on µ k and ζ. The signal PDF for a given candidate i is a joint PDF for the helicity angles and resonance mass as discussed above, and the product of the PDFs for each of the remaining variables. The combinatorial background PDF is the product of the PDFs for independent variables and is found to describe well both the dominant quark-antiquark background and the fpcp07 111 ± decay. The twelve primary results are presented for the two decay subchannels along with the combined results, where the branching fraction B is computed using the number of signal events nsig and the total selection efficiency ε, which includes the daughter branching fractions [6] and the reconstruction efficiency εreco obtained from MC simulation. The definition of the six CP -violating parameters allows for differences between the B + and B − decay amplitudes A and A with superscript Q = − and +, respectively. The systematic uncertainties are quoted last and are not included for the intermediate primary results in each subchannel. The dominant fit correlation coefficients (C) are presented, where we show correlations of δ0 with φ /φ ⊥ and of ∆δ0 with ∆φ /∆φ ⊥ . 
+0.24 ± 0.15 +0.09 ± 0.20 +0.17 ± 0.11 ± 0.02 background from random combinations of B tracks. The signal and background PDFs are illustrated in Figs. 14 and 15. For illustration, the signal fraction is enhanced with a requirement on the signalto-background probability ratio, calculated with the plotted variable excluded, that is at least 50% efficient for signal B ± → ϕ(Kπ) ± events. We use a sum of Gaussian functions for the parameterization of the signal PDFs for ∆E, m ES , and F . For the combinatorial background, we use polynomials, except for m ES and F distributions which are parameterized by an empirical phase-space function and by Gaussian functions, respectively. Resonance production occurs in the background and is taken into account in the PDF.
Results
We observe a nonzero B ± → ϕK * (892) ± yield with significance, including systematic uncertainties, of more than 10σ. The significance is defined as the square root of the change in 2 ln L when the yield is constrained to zero in the likelihood L. In Table VI , results of the fit are presented, where the combined results are obtained from the simultaneous fit to the two decay subchannels.
We repeat the fit by varying the fixed parameters in ξ within their uncertainties and obtain the associated systematic uncertainties. We allow for a flavordependent acceptance function and reconstruction efficiency in the study of asymmetries. The biases from the finite resolution of the angle measurements, the dilution due to the presence of fake combinations, or other imperfections in the signal PDF model are estimated with MC simulation.
The nonresonant K + K − contribution under the ϕ is accounted for with the B 0 → f 0 K * 0 category. Its yield is consistent with zero. The m KK PDF shape in this category is varied from the resonant to phase-space and the yield is varied from the observed value to the extrapolation from the neutral B-decay mode [15] to estimate the systematic uncertainties. Additional systematic uncertainty originates from other potential B backgrounds, which we estimate can contribute at most a few events to the signal component. The systematic uncertainties in efficiencies are dominated by those in particle identification, track finding, and K 0 S and π 0 selection. Other systematic effects arise from event-selection criteria, ϕ and K * 0 branching fractions, and the number of B mesons.
Discussion
The yield of the ϕ(Kπ) * ± 0 contribution is 57
events with a statistical significance of 7.9σ, combining the |A 00 | 2 term and the interference terms 2Re(A 1λ A * 00 ), which confirms the significant S-wave Kπ contribution observed in the neutral B-decay mode [15] . The dependence of the interference on the Kπ invariant mass [15, 20, 21] Figure 18 : Distribution of the Kπ invariant mass extended above 1.6 GeV from the study of B 0 → φ(K + π − ) decays in Ref. [15] . The data distribution is shown with a requirement to enhance the signal as discussed in regard to Fig. 14 in text. The solid (dashed) line shows the signal-plus-background (background) expected distributions. The arrows indicate the higher mass range, 1.60 to 2.15 GeV. The (V − A) structure of the weak interactions, helicity conservation in strong interactions, and the squark spin flip suppression in the penguin decay diagram suggest |A 10 | ≫ |A 1+1 | ≫ |A 1−1 | [10] . This expectation disagrees with our observed value of f L . We obtain the solution φ ≃ φ ⊥ without discrete ambiguities, which is consistent with the approximate decay amplitude hierarchy |A 10 | ≃ |A 1+1 | ≫ |A 1−1 |.
We find that φ ⊥ and φ deviate from either π or zero by more than 3.1σ and 2.4σ, respectively, including systematic uncertainties. This indicates the presence of final-state interactions not accounted for in naive factorization. Our measurements of the six CP -violating parameters are consistent with zero and exclude a significant part of the physical region. We find no evidence of CP violation in this decay.
We have performed a full amplitude analysis and searched for CP -violation in the angular distribution of the B ± → ϕK * ± decay. Our results are summarized in Table VI Fig. 18 shows distribution of the Kπ invariant mass in this study. We do not find significant signal with the above resonances and place upper limits on the B-decay branching fractions.
These results find substantial A 1+1 amplitude in the B → ϕK * (892) decay and point to physics outside the standard model as shown in Fig. 4 [17] , where scalar interaction would look more consistent with the data, or new dynamics as shown in Fig. 19 [18, 19] , where penguin annihilation is more consistent with sizable A 1+1 and small A 1−1 . Any satisfactory solution to this polarization puzzle is expected to explain all polarization data and to be predictive for other experimental measurements.
